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RESUMO.- [Infecção por Anaplasma marginale em bo-
vinos na Amazônia Sul Ocidental, Brasil.] O presente
estudo fornece os primeiros dados epidemiológicos relati-
vos a infecção por Anaplasma marginale em bovinos cria-
dos na Amazônia Sul Ocidental brasileira. Foi adaptado
um procedimento simples para a extração de DNA a partir
de coágulos sanguíneos coletados em sete microrregiões
do estado de Rondônia e duas mesoregiões do estado do
Acre. A técnica da reação em cadeia da polimerase (PCR)
foi aplicada para avaliar a freqüência da infecção por A.
marginale em bovinos com idade entre 4 e 12 meses. Após
a extração do DNA de cada amostra, a infecção nos bovi-
nos foi investigada pela amplificação do gene “msp5” de A.
marginale. As técnicas de amplificação do DNA revelaram
que a freqüência de infecção por A. marginale foi de 98,6%
(1.627/1.650) nas amostras provenientes de Rondônia e
de 92,87% (208/225) nas amostras do Acre. A alta freqüên-
cia da infecção por A. marginale nos animais com idade
entre 4 e 12 meses indica uma situação de estabilidade
enzoótica nas regiões estudadas, as quais são compará-
veis às detectadas por técnicas de imunodiagnóstico em
outras regiões endêmicas no Brasil. A extração do DNA
através do método aqui descrito pode ser utilizado em es-
tudos epidemiológicos sobre a anaplasmose bovina e ou-
tros hemoparasitas.
TERMOS DE INDEXAÇÃO: Anaplasma marginale, epidemio-
logia, bovinos, Amazônia Sul Ocidental, Brasil.
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The present study provides the first epidemiological data regarding infection by
Anaplasma marginale in cattle reared in south-western Brazilian Amazonia. One simple
procedure was adapted for the extraction of DNA from blood clots collected in seven
microregions of Rondônia State and two mesoregions of Acre State. PCR method was
used to asses the frequency of A. marginale infections in 4 to12-month-old cattle. The
cattle infection was investigated by polymerase chain reaction (PCR) using the specific
primer “msp5” for A. marginale. The DNA amplifications revealed that the mean frequency
of A. marginale infection was 98.6% (1,627/1,650) in samples from Rondonia, and 92.87%
(208/225) in samples from Acre. The high frequency of A. marginale infections in 4 to 12-
month-old cattle indicate a situation of enzootic stability in the studied areas and are
comparable to those detected by immunodiagnosis in different endemic regions in Brazil.
The DNA extraction of clotted blood method described here can be used for epidemiological
studies on anaplasmosis and other bovine hemoparasites.
INDEX TERMS: Anaplasma marginale, epidemiology, cattle, south-western Amazonia, Brazil.
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INTRODUCTION
The Brazilian south-western Amazonia, which includes the
states of Rondonia and Acre, is located at 7° 06' 32" North,
13° 41' 36" South, 66° 37' 10" East and 73° 59' 27" West
(IBGE 2007). The climate is characterized by annual
averages of 28ºC temperature, 3,500-6,000mm rainfall,
and 90% relative humidity (SIPAM 2009). In Acre and
Rondonia, livestock activity has great economic
importance, especially for beef and milk production.
The parasitism by cattle ticks is favored through
environmental conditions; in many cases sick animals
associated with tick parasitism have been observed and
reported by farmers. Since now, epidemiological studies
have not yet been conducted in the south-western Amazon
region with the specific purpose to characterize the epide-
miological data of cattle hemoparasitoses in the region.
Anaplasma marginale is a rickettsial hemoparasite
transmitted to cattle biologically by Rhipicephalus micro-
plus and mechanically by flies and fomites (Aguirre et al.
1994, Stiles 1936). Anaplasmosis is an economically
important disease affecting dairy and beef cattle in most
tropical, subtropical and many temperate countries (Morel
1989, Dalgliesh et al. 1990). In Brazil, the anaplasmosis
prevalence varies between 12.4 and 100% (Artiles et al.
1995, Vidotto & Marana 2001).
The cattle that are recovering from anaplasmosis
infection become healthy carriers by maintaining low levels
of infection and contributing to the maintenance of the
anaplasmosis’ endemy. In these cases, the microscopic
detection diagnostic is less reliable than the diagnosis
based on techniques of greater sensitivity and specificity.
Among these techniques, those based on PCR stands out
and is already being used for detection of animal carriers
in several studies conducted on hemoparasitism of cattle
(Almeria et al. 2001, Oliveira et al. 2005, Oliveira-Sequeira
et al. 2005, Carelli et al. 2007).
The serological tests that detect antibodies have limited
use because they indicate exposure to the agent, but no
information on the stage of infection. (Wagner et al. 1992).
The application of  PCR-based tests to the study of the
epidemiology of anaplamosis is still incipient, but
characteristics of high sensitivity and specificity have been
verified by several authors (Fahrimal et al. 1992, Figueroa
et al. 1992, Smeenk et al. 2000, Almeria et al. 2001) for
the detection of infection both in the vertebrate hosts and
ticks.
The development of practical techniques to prepare
DNA samples are widely studied for applied in
epidemiological studies such as for forensic medicine
(Jones et al. 1999, Gonzales et al. 2006, Lin et al. 2006).
In this study, PCR reactions were prepared with DNA
samples extracted directly from blood clots. These clots
were recovered from blood samples obtained for
implementation of serological tests for brucellosis realized
by the Animal Haelth Services of Rondonia and Acre
states, and can be considered a random representative
sample of the cattle reared in this region.
This study presents the first epidemiological data about
A. marginale infection in cattle from Brazilian Amazonia
and describes the technique for DNA extraction from blood
clots used in seroepidemiological studies developed by
Animal Health Services of Rondonia and Acre.
MATERIALS AND METHODS
Blood sample collection
The study was developed with blood clots donated by Animal
Health Services of Rondonia and Acre states. All evaluated cattle
with 4-12 months of age were from eight microregions of
Rondonia: Alvorada do Oeste, Ariquemes, Colorado do Oeste,
Cacoal, Guajara-Mirim, Ji-Parana, Porto Velho and Vilhena, and
two mesoregions of Acre: Rio Branco Valley and Jurua Valley.
The microregions of Rondonia and the mesoregions of Acre
were defined according to the Brazilian Institute of Geography
and Statistics (IBGE 2006). The blood collections were performed
from August 2004 to November 2004, using a vacuum system
without the use of anticoagulant.
Determination of sample size
The sample size was determined by the formula of the Pan
American Center for Zoonoses (1979), for the study of chronic
infectious diseases, in which:
where: n = number of samples, p = expected prevalence, Z =
degree of trust and d = margin of error.
Based on an estimated prevalence of cattle 90.0% positive
for Anaplasma marginale, determined in a pilot study with 100
blood clots samples with a degree of confidence of 95.0% and a
margin of error of 10.0%, was found for a sampling of 45 samples
by region. As there was availability of a larger number of blood
clot samples per microregion and the analysis were executed
separately, 166 samples were analyzed from Ariquemes, 118
from Alvorada do Oeste, 319 from Cacoal, 331 from Guarajá-
Mirim, 328 from Ji-Paraná, 309 from Porto Velho, and 79 samples
from Vilhena, in Rondonia. In Acre state the blood clots samples
colleted from mesoregions analyzed were: 79 from Jurua Valley
and 146 samples from Rio Branco Valley.
Blood sample processing
The DNA extraction from clotted blood was made according
to the methodology described by Garg et al. (1996) adapted by
Brito et al. (2006). The first step for DNA extraction was the
mechanical break of the 3g of the blood clots in small pieces
through use of the scalpel blades, as proposed by Tas (1990).
For the soluble clot DNA extraction the methodology proposed
by Garg et al. (1996) was adapted by Brito et al. (2006) with the
use of nylon textile with pores of 200μm. The pores size of the
textile was measured with micrometric objective in microscope
Leica DM1000. The nylon textile were cut in circles of 10cm
diameter and was attached to the top of a 50 mL conical-bottom
polypropylene centrifugal tube and shaped into a form of a funnel,
being held in place with a rubber band. The blood clot was poured
into the nylon textile funnel and Parafilm® (American Can Co.,
Neenah, WI) was wrapped around the top of the tube. The clot
was then forced through the nylon textile by centrifugation at
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7,000rpm for 15 minutes. Then, blood DNA was extracted from
300μL of each sample using the GFXTM Genomic Blood DNA
Purification kit (Amersham Biosciences©) as recommended by
the manufacturer. All samples were analyzed by spectrophoto-
metric measurement at 260 and 280nm for assessment of purity
of DNA.
The DNA samples were submitted to PCR amplification of
the msp5 gene of A. marginale, by specific primers sequences
(msp5 F: 5’ CGC AGA TCT AGC AAA ATC GGC GAG AGG
TTT ACC ACT TC 3’ and msp5 R: 5’ GCG CTG CAG TGG CGC
AAA ATG CCC GAC ATA CC 3’). PCR amplifications were done
in a Mastercycler Gradient Termocycler (Eppendorf AG,
Hamburg, GE). PCR was performed in a 25mL solution
containing 10mM TRIS-HCl; 50mM KCl; 1.5mM MgCl2; 1.5 U
Taq DNA polymerase; 0,2mM of each nucleotide; 10pm of each
primer and 5mL of DNA samples. The amplified fragments were
then separated through electrophoresis in 1.5% agarose gel.
The gel was prepared with Tris Borate EDTA buffer (1X), and
visualized by ethidium bromide staining. A. marginale positive
samples had bands visible at 458 bp.
For confirmation that the fragments visualized by agarose
gel electrophoresis were really from A. marginale, random
samples were sequenced in automated DNA sequencer ABI
3100 (Applied Byosystems ©) as additional control and were
confirmed to correspond to the genbank accessions AY
355282.1
RESULTS AND DISCUSSION
The 1,650 bovine blood clot samples from Rondonia state,
correspond to 1.19% of the state bovine herd with 4-12
months of age. The molecular diagnosis showed that
98.6% (1627 animals of 1650 ) were positive for Anaplas-
ma marginale with the amplification of the msp5 gene. The
prevalence according to the regions is showed in Table 1.
The A. marginale mean infection rate of 98.6% indicates
the studied regions as being enzootically stable, according
to Mahoney (1975) and Coleman et al. (2001). In Acre
state was observed that 92.44% of cattle (208 from 225
animals) were positive by the amplification of the msp5
gene of A. marginale (Table 2).
The results obtained in Rondonia and Acre states not
differ from other Brazilian regions, where A. marginale
infection is also high and independent of others factors like
age and racial traits. However, similar epidemiological
patterns are expected in other regions between the parallels
32° South and 32° North, where the main vector of A. mar-
ginale, the Rhipicephalus microplus tick, is amply diffused
(Mahoney & Ross 1972, Kuttler 1988, Leite et al. 1989).
Since the R. microplus tick is considered the main
transmitter of anaplasmosis in Brazil, and its epidemio-
logical traits are similar to those of babesiosis; the concept
of enzootic stability/instability proposed by Mahoney &
Ross (1972) can also be applied in the study of bovine
anaplasmosis. With this concept in mind, the microregions
and the mesoregions of Rondonia and Acre can be
considered as enzootic stable areas for A. marginale, due
to the high prevalence observed in the cattle reared in
these regions.
In Rondonia and Acre states, the A. marginale infection
rate was similar among the sampled regions (Table 1).
The presence of R. microplus can be observed in these
regions, which favors the infection of cattle raised in these
states. The A. marginale presence in these regions favors
the cattle reared in these regions considering that the
animals were asymptomatic for anaplasmosis at the
moment of collection of the blood samples, indicating  that
the immunological system of these animals are already
sensitized by the presence and circulation of the parasite
in the environment. Ribeiro (1991) and Kessler et al. (1992)
demonstrated the importance of the presence of R. micro-
plus for the maintenance of immunity against A. margina-
le in the cattle.
Few Brazilian regions have a situation of A. marginale
instability, such as the state of Sergipe, where, due to the
local climatic differences, the average prevalence is 16.3%
(Dalagnol et al. 1995). In the municipality of Bagé, localized
in the extreme south of the state of Rio Grande do Sul, an
anaplasmosis prevalence of 64% was observed through
the card test (TC) (Artiles et al. 1995). In these regions of
instability, the ecological and climatic factors determined
the seasonal variation of Rhipicephalus microplus and of
hematophagous flies, transmitters of A. marginale, with
possible presence of other forms of transmission of the
disease.
In Santa Cruz de la Sierra, Bolivia, the seroprevale-
cence observed in humid subtropical, dry tropical and
flooded ecological regions through ELISA, was of 20.5%,
also characterizing the area as of enzootic instability
(Carrique et al. 2000); the dry subtropical region of this
locality is the most unstable, with risks of disease; in South
Africa the infection prevalence rate varied from 50 to 75%,
according Masika et al. (1997). In two different areas
evaluated in Switzerland, Kinhm (2002) detected 8.2% of
positive samples for A. marginale, utilizing the ELISA
technique.
Table 1. Prevalence of Anaplasma marginale in
microregions of Rondonia state
Microregions of Positive Negative Prevalence of
Rondônia state  samples  samples Anaplasma marginale
Alvorada do Oeste 117 1 99.15%
Ariquemes 163 3 98.19%
Cacoal 315 4 98.74%
Guajará-Mirim 325 6 98.18%
Ji-Paraná 323 5 98.47%
Porto Velho 305 4 98.7%
Vilhena 79 0 100%
Total 1,627 23 98.6%
Table 2. Prevalence of Anaplasma marginale in
mesoregions of Acre state
Mesoregions of Positive Negative Prevalence of
Acre state samples samples Anaplasma marginale
Rio Branco Valley 133 13 91.10%
Juruá Valley 75 4 94.90%
Total 208 17 92.44%
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In Norte de Veracruz, Mexico, studies indicate that
cattle infected with A. marginale presented a prevalence
of 69% (Cossio et al. 1997), associated with a mortality of
26% of the herd in the year of 1995 and with the dislocation
of susceptible cattle to areas with high prevalence of the
infirmity with subsequent infection.
Alonso et al. (1992) considered that for determination
of the profile of enzootic stability/instability of a region,
inherent factors to the animals should be evaluated, such
as decrease in immunity due to reduction in the number of
ticks, introduction of animals from free areas, and other
factors of interaction with the environment, such as breed,
climatic variations, stress, management, and kind of
pastures (Kessler et al. 1987, Dalgliesh et al. 1990).
In Brazil, in spite of the difficulty in eradicating the cattle
tick, it is important to highlight that its presence in the herd
allows for the maintenance of the immunity against
anaplasmosis, and it is important for the herd to live with
the parasite under sufficient levels so as to maintain the
immunity, minimizing economic losses. This situation
occurs in some regions of the Brazilian Southeast and
Midwest, where the animals acquire the infection during
the first weeks of life when in contact with the vector,
keeping them infected throughout the years (Furlong &
Evans 1991, Furlong, 1993).
Vidotto et al. (1995, 1997, 1998) and Andrade et al.
(2001) verified that anaplasmosis is endemic to the
northern and northwestern region of the state of Paraná,
with instability situations or enzootic stability, depending
on the situation. Isolated cases of the disease or outbreaks
are generally associated to seasonal increase of the
population of R. microplus, flaws in its control, or the
introduction of susceptible cattle from tick-free areas,
independently of the breed involved. A research on an
endemic region in Paraná using the indirect immuno-
fluorescence technique (IFI), verified a prevalence of 68%
for anaplasmosis. Later, in the same area, 87.6% of
positive cattle were found with the competitive ELISA
technique. Under this epidemiologic condition, the risk of
anaplasmosis outbreak is low.
In a serologic research conduct by Payne & Osorio
(1990) in Paraguay, the prevalence found was of 92%.
The parasite is also endemic to Argentina. In areas where
the R. microplus tick has been eradicated, sporadic
outbreaks of the disease have happened (Guglielmone
1994), since the contact with the vector is essential for the
development of acquired immunity.
Studies made in other Brazilian regions also demons-
trated the state of enzootic stability for the bovine anaplas-
mosis. In Minas Gerais, the prevalence obtained by TC
for the regions of Alto Paranaiba, Metalurgica, Sul de Mi-
nas and Triangulo Mineiro, was of 86.5%, 93.1%, 91.6,
and 86.1%, respectively, while that for the region of Zona
da Mata evaluated by IFI, the proportion was of 81.1%
(Ribeiro & Reis 1981, Ribeiro et al. 1984, Dalagnol et al.
1995).
Research on anti-A. marginale antibodies of the IgG
class, by means of indirect ELISA in samples of bovine
serum of the Medio Paraiba (Rio de Janeiro) mesoregion,
revealed the prevalence of 98.2% (Souza et al. 2001).
Later, at this same area, Vidotto et al. (1997) observed
through the competitive ELISA technique, 87.5% of positive
samples. The seroprevalence of A. marginale evaluated
in cattle from nine municipalities of Norte Fluminense, Rio
de Janeiro, through the indirect ELISA, revealed that 91.1%
were positive, demonstrating that the infection was high
and homogeneous throughout the municipalities, charac-
terizing the region as an area of enzootic stability (Souza
et al. 2000). The prevalence rates observed between the
different microregions of the states of Rondonia and Acre
demonstrate that the infection by A. marginale is
homogeneous, which is corroborated by the different
means of mechanical transmission, besides the biological
transmission (Ribeiro 1991, Kessler et al. 1992).
In three microregions of the state of Bahia, the observed
prevalence through indirect ELISA was 96.9%, not differing
significantly from the result provided by IFI (97.2%) and of
86% in Santa Catarina, according to Dalagnol et al. (1995),
and in the serologic samples from cattle from rural nesting
of the municipality of Corumba, Mato Grosso do Sul
showed the presence of antibodies anti-A. marginale in
96% of the cases. Madruga et al. (1986) found prevalence
of 91.2%, 100%, 100%, and 96.9%, respectively for the
municipalities of Tamarineiro II, Paiolzinho, Mato Grande
and Taquaral, what characterizes these regions as
endemically stable, with results very close to those
obtained in studied with meso and micro regions of
Rondonia and Acre states.
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